Model experiments were performed for fabricating composite materials using Al scrap and waste glasses. Significance of the fabrication using the waste matters was discussed from an environmental point of view. Al alloy having composition of the Al scrap was melted and infiltrated into a soda-lime glass beads' bed by a vacuum process. Reaction layer was formed at the interface between the glass beads and the molten Al alloy. The layer thickness of 50 microns was obtained after 1 h reaction. The composite materials showed a strong bonding between the filler (the glass particles) and the matrix. Variation of the layer thickness was measured at various conditions of the reaction time and temperature.
Introduction
Aluminum has been utilized for various materials in many fields, such as in a car industry, rail way and architectures, because it has low density, excellent anti-corrosive properties and specific strength. However, a large part of the aluminum is used in the alloy states, thus they contain various elements. Moreover when the wasted aluminum parts are collected, other metals are inevitably mixed. For example, iron nails are mixed together with the aluminum window frame. Therefore, the scrap aluminum having compositions shown in Table 1 has resulted. 1) Among these impurities, Fe and Zn are the elements, which are difficult to be economically removed by means of general refining processes. 2) In order to reuse the Al scrap, the scrap melt is diluted with pure aluminum, 3) in status quo. This means the impurity elements are distributed into many aluminum ingots. We have proposed a process of utilizing the Al scrap as a resource for fabricating a composite material, as one of the ''upgrading recycle process''.
In the last special issue on ''Growth of Ecomaterials as a Key to Eco-Society I'', a study on fabrication of composite materials using a reaction between silica glass and molten Al scrap has been reported. 4) This fabrication process is based on the reaction between SiO 2 and molten Al, as follows:
The reaction products of eq. (1) are Al/Al 2 O 3 composite body with a small concentration of Si, which possess considerably high bending strength up to 400 MPa. 5) It has been demonstrated that the reaction rate and the mechanical properties are not deteriorated very much if the Al is replaced with the synthesized Al scrap. In the above process, 4) vitreous (pure) silica was utilized as the raw materials, however it is expensive and better to make use of the other silica-based wasted materials. There are many kinds of wasted glasses. Among them, we paid attention to the waste glass from the house windows (in a cullet state).
The purpose in this study is to examine the possibility of fabricating the above composite materials via solid-liquid reaction. And it is intended to discuss the further steps to consider them for the eco-materials. A soda-lime glass, having compositions shown in Table 2 6) is the major class of the glasses used for the window, thus selected for the experiments. In this paper, it is intended to investigate the reaction kinetics and microstructures of the composite materials using these wastes. The mechanical properties of the composite materials are also examined.
Experiments
The raw materials used for fabricating the composite materials are aluminum lumps (Kojyundo Kagaku, ltd.) with several alloying elements added (synthesized Al scrap) and soda-lime glass beads having diameter of 1 mm (Tokyo- Garasu-Kikai, Inc., (TGK)). The synthesized Al scrap alloy was prepared in authors' laboratory. The composition was determined by ICP measurement. The details are described in the previous report. 4) The synthesized scrap composition is also listed in Table 1 . The glass beads are placed in the bottom of glass tube made of fused silica with one closed end, having 10 mm in diameter. The Al lumps are placed above the glass beads bed. The experimental apparatus is schematically illustrated in Fig. 1 , where the height of the glass beads bed was about 1.5 cm. The volume of Al-alloy was selected so as to fill out the clearances in the beads bed. The silica tube was evacuated once by means of rotary pump, simultaneously the bed and the alloy area was heated externally with an electric resistance furnace. When the Al lumps are melted, Ar gas was introduced from the top of the tube. Then, the Al (alloy) melt was infiltrated by the atmospheric gas pressure of Ar. They were held for various time to promote the reaction between the glass and the Al melt.
The tube was cooled to room temperature, and the Alinfiltrated beads' bed was taken out from the tube. It was possible to take out the specimen easily without sticking to the tube, so long as the reaction temperature is less than 800 C. The specimens were cut along the longitudinal direction, and the cross section was observed with an optical microscope (Olympus BX60). The compositional distributions were measured by means of SEM/EDX (Hitachi, 6-6501). The specimens were cut into pieces of 3 Â 3 Â 7 mm. The compressive strength was measured with an apparatus (Simadzu, Autograph 50 kNI) at the cross-head speed of 0.5 mm/min. The load-displacement curves were digitally recorded.
In this report, the results obtained in the composite materials using 1 mm glass beads will be presented, because this is the first attempt of the fabrication of the materials. The other detailed results will be presented in the other reports. 7) 3. Results and Discussion
Reaction kinetics and states of the reaction products
Glass beads of 1 mm in diameter were reacted with pure Al melt to obtain the reaction kinetic data. Figure 2 shows optical microstructure of the cross section of the composites. The reaction layer with a thickness of about 50 microns was formed after 1 h reaction. (Fig. 2) The thickness was almost doubled after 2 h. When reacted at 800 C, the thickness of the reaction layer was about 70 microns after 1 h. The detailed kinetic data will be presented in the other reports. 7) However, the softening of the glass beads occurred especially above 800 C, and the glass tended to deform, 8) causing the beads to have irregular shapes. It became difficult to measure the thickness of the layer. Moreover, some voids were formed in the glass. Therefore, it is not suitable to fabricate the composite materials above 800 C. The reaction kinetics was not altered very much when synthesized molten Al scrap was used, as well. 
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reaction as shown in Fig. 2(b) . The particles preserve their shapes. The tangential length of the contacts formed is about 150 microns. Figure 3 shows the compositional distributions of the composite material analyzed with SEM/EDX. Al is present in the reacted layer and oxygen exists only in the glass beads. Si is removed (dissolved) from the beads to the Al alloy matrix as the precipitates. The Si content in the reacted layer is very low as indicated by arrows. These are the common features observed in the reaction between SiO 2 (or mullite) and molten Al [eq. (1)]. 9, 10) Ca remains in the glass, while Na and Mg are removed. Mg is more easily transferred to the matrix. Fe is precipitated in the matrix. Concerning Cu and Zn, as each element content is very small and S/N ratio is remarkably low, it is difficult to reliably discuss the reaction behavior.
According to the thermodynamics, 11) it is expected that MgO is not reduced with Al at 700 C, however, Mg was removed from the glass. On the other hand, Na has less affinity with oxygen than Al and Mg, while they rather remained in the glass. This is because the activity of Mg in the soda-lime glass is different from the state of pure Mg melt. Further detailed examinations are required in the future studies.
As duration of the reaction time, more amount of the metal elements is removed from the glasses. So it is expected that the change in the physical properties of the composite material will occur. From this reason, the reaction time of 1 h was set in this study.
Compressive strength of the composite
The compressive strength of the composite materials was tested at room temperature. The obtained stress-strain curve is plotted in Fig. 4 , compared to that of the Al. The composite material was elastically deformed first, and showed the maximum strength then fractured. This is due to the brittle aspect of the composite material. However, the specimen deformed at lower stress afterward, with serration and the work hardening occurred.
The maximum strength of the material might be determined by the brittle parts within the composite material. That is, they are the reaction layer and the remained as un-reacted SiO 2 . As the maximum strength obtained ($160 MPa) is much lower than the Al/Al 2 O 3 composite materials ($750 MPa 12) ), it is pointed out that the reacted layer in the contact region was small and its strength is not high. Therefore, the bulk strength of the composite material was determined by this strength. The bonding between the alloy matrix and the fillers was strong, because the reaction layer was formed. No internal cracks was observed along the interface.
The deformation behavior after the fracture occurred in the metal matrix. The ductility depends on the microstructure of the matrix Al-alloy, and/or depends on the alloy composition. Although there are some impurity elements (such as Fe, Zn etc.) existed in the original Al scrap, other elements come from the glass beads. Thus, the ductility is considered to be deteriorated as the increase of the reaction time. The detailed relationship between the reaction time and the mechanical properties will be presented in the other reports. 7) 3.4 Application of the composite materials as the ecomaterials In status quo, the recycling of waste glasses has been conducted only in the area of the bottle glasses, and there is no specific recycling one of the window glasses.
13) The broken window glasses are generated as the wastes in the destruction of the buildings and the houses. They are categorized as the industrial wastes and mostly land filled.
This study was performed in order to utilize the wasted glasses as raw materials of the composites by the combination with the Al scraps. The results indicate the possibility of fabricating the composite materials. Although the obtained strength was not high enough at this moment, it is possible to 2584 N. Yoshikawa, Y. Nakano, K. Sato and S. Taniguchi obtain higher strength by selecting the fabrication conditions, such as the bead's diameter and the reaction conditions. The results will be demonstrated in the other reports. The composite material has the low density and contains hard fillers. It is expected possible to increase the strength. Application of this composite material is taken into consideration for the disassembling stage of the mold sand in the foundry engineering, some decoration tiles in the exterior of the building etc.
On the other hand, they are composed of mostly Al 2 O 3 ceramics and some metallic elements such as Al, Si, Ca, Na and Mg. These metals are easily oxidized and changes to the oxide phases, which usually existing in the slags. Therefore, it is possible to dispose this composite materials as the deoxidation additives in the steel making converter.
Conclusion
Present study was performed in order to fabricate the composite materials in using Al scrap and wasted soda-lime glasses. The following conclusions were obtained:
(1) The reaction layer was formed with a thickness of about 50 microns after 1 h at 700 C. The glasses were not softened in this temperature range. (2) As the reaction progressed, the elements of Si, Mg, Na and K were removed from the glasses to the Al matrix, while O and Ca remained in the glass. This behavior was discussed considering the thermodynamics.
(3) The composite material fractured in a brittle manner once, then followed by the ductile deformation. Further investigation on the relationship between the deformability and the matrix composition due to the reaction time is required.
